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Two novel 3d–4d heterometallic coordination polymers
{[Cu3(bipy)3(H2O)5][Ag6(mna)6]11.5H2O}n (1) and {[Zn3(eda)3
(H2O)4][Ag6(mna)6]8H2O}n (2) were synthesized based on a
hexanuclear silver(I) metalloligand by a three-step synthetic
method (bipy = 2, 20-bipyridine, eda = ethylenediamine and
H2mna = 2-mercaptonicotinic acid). The photoluminescence
behaviors of 1 and 2 were also discussed.
During the past decade, synthesis and studies of heterometallic
complexes have spurred considerable attention because of
the novel structure motifs and excellent properties including
catalysis, storage, conduction, luminescence, and magnetism.1
Contrary to organic ligands, metalloligands act as bridging
ligands incorporating several advantages: (i) multicoordina-
tion sites, (ii) flexible geometric control, (iii) the ability to
assemble a discrete unit into a heterometallic infinite entity,
(iv) the introduction of augmented properties. Among
the metalloligands, mono- and binuclear ones have been
extensively employed in the preparation of functional hetero-
metallic coordination polymers (CPs),2 but a polynuclear
silver(I) cluster as a metalloligand has not been documented
in the literature owing to the synthetic difficulty. To the best of
our knowledge, hitherto, the synthesis of heterometallic com-
plexes still mainly depends on the one-pot scenario,3 but using
pre-synthesized components to stepwisely realize the assembly
is still a challenge.4 Although the [Ag6(mna)6]
6 (hereafter,
[Ag6(mna)6]
6 is abbreviated as LAg) with aesthetic appeal as
well as its effective biological activities has been previously
investigated,5 it continued to capture our contemporary atten-
tion as an ideal metalloligand for construction of hetero-
metallic CPs because, (i) its photophysical properties have
not been investigated, (ii) it possesses an octahedral arrange-
ment of the Ag6 core incorporating argentophilic interaction,
(iii) it possesses six vacant peripheral Lewis-base coordination
sites for binding a second metal ion, and (iv) it is quite stable
and soluble in water. Inspired by the unexploited structural
features of LAg as well as potential application, herein,
we reported stepwise assembly of two 3d–4d heterometallic
CPs {[Cu3(bipy)3(H2O)5][Ag6(mna)6]11.5H2O}n (1) and
{[Zn3(eda)3(H2O)4][Ag6(mna)6]8H2O}n (2) which were obtained
based on a hexanuclear silver(I) metalloligand by a three-step
synthetic route (Scheme 1).
Complexes 1 and 2were obtained using a stepwise methodology:
(i) synthesis of the hexanuclear anionic metalloligand LAg; (ii)
synthesis of cationic metalloligand containing 3d-block
transition metal centers; (iii) assembly of the two pre-
synthesized components into the extended framework
through liquid–liquid diffusion method (ESIw). Using
bidentate chelating ligand bipy and bidentate bridging ligand
eda, we obtained complexes 1 and 2 as 1D and 2D structures,
respectively. Phase purity of 1 and 2 is indicated by the powder
X-ray diffraction pattern (Fig. S1w). The solid FT-IR spectra
(Fig. S2w) of 1 and 2 show a very intense broad band around
3400 cm1 attributed to the presence of water molecules. The
asymmetric and symmetric stretching vibrations of the
deprotonated carboxyl group are at B1570 and B1385 cm1,
respectively.6 Thermogravimetry curves indicate (Fig. S3w) that
complexes 1 and 2 release all water molecules up to 181 and
205 1C, then the frameworks start to decompose along with the
loss of organic ligands. Energy dispersive X-ray spectroscopy
reveals the kinds of element in 1 and 2 (Fig. S4w). These results
are in good agreement with solid state crystal structures.
X-Ray diffraction study reveals that 1z is a 1D infinite chain
containing LAg and [Cu(bipy)(H2O)]
2+ (Fig. 1a). The
asymmetric unit consists of one LAg, two [Cu(bipy)(H2O)]
2+,
one guest [Cu(bipy)(H2O)3]
2+, eleven and a half lattice water
molecules (Fig. S5w). The comparisons of selected bond
distances in the LAg with different cationic parts are shown
Scheme 1 Stepwise synthesis of complexes 1 and 2 from a hexanuclear
Ag(I) cluster.
aDepartment of Chemistry, College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, China.
E-mail: rbhuang@xmu.edu.cn
b State key Laboratory for Physical Chemistry of Solid Surfaces,
Xiamen University, Xiamen 361005, China
w Electronic supplementary information (ESI) available: Preparation
of complexes 1 and 2, Fig. S1–S9, Table S1–S4, IR, TGA, and powder
XRD patterns and X-ray crystallographic data. CCDC 790093 (1) and
790094 (2). For ESI and crystallographic data in CIF or other
electronic format see DOI: 10.1039/c0cc03534c
































































View Online / Journal Homepage / Table of Contents for this issue
This journal is c The Royal Society of Chemistry 2011 Chem. Commun., 2011, 47, 746–748 747
in Table S1w. In 1, the LAg located on the crystallographic
inversion center adopts a m4-Z
1 :Z1 :Z1 :Z1 mode to link four
[Cu(bipy)(H2O)]
2+ units into a 1D chain motif in which Cu(II)
adopts a square-pyramidal geometry (t5 = 0.23)
7 completed
by two N atoms of one bipy ligand, two O atoms from two
carboxyl groups belonging to two different LAg and one water
molecule. Only partial carboxyl groups participate in linking
Cu(II) centers which may be due to the combined requirements
of steric hindrance and charge neutrality, that is to say, (i) six
carboxyl groups are too crowded to fully bind metal centers,
(ii) LAg bears six negative charges which only can be
neutralized by at most three Cu(II) ions. The guest
[Cu(bipy)(H2O)3]
2+ unit not only neutralizes the charge but
also interacts with the 1D chain through p  p stacking
(3.717(8) and 3.697(9) Å) between adjacent bipy ligands. The
Ag(I)–N, Ag(I)–S, Cu(II)–O and Cu(II)–N bond distances fall in
the normal ranges (Table S2w).8
Interestingly, a bicyclic octamer water cluster exists in
complex 1 (Fig. S6w) which consists of one cyclic tetramer and
one hexamer water cluster. As far as we are aware, a discrete
water cluster having a single morphology is common but the
aggregation of more than one morphology in a single discrete
water cluster is still rare.9 The two kinds of water clusters share
the same edge (O5W  O6W) to form the octamer water cluster
with a chair-like shape in which quasiplanar hexamer10 and
tetramer11 water clusters act as the base and back of the chair,
respectively. According to the graph set notation,12 the hexamer
and tetramer belong to R6
6(12) and R4
4(8) motifs, respectively.
The dihedral angle formed between them is ca. 821. The
hydrogen-bonded O  O separations in the octamer span the
range 2.52(4)–2.85(2) Å with an average value of 2.70(3) Å
(Table S3w).
When using the Zn(II)-containing complex as a secondary
metalloligand, we obtained {[Zn3(eda)3(H2O)4][Ag6(mna)6]
8H2O}n (2) as a 2D sheet motif (Fig. 1b). The bond lengths
and angles are listed in Table S2w. As shown in Fig. S7w, the
asymmetric unit of 2 contains half an LAg, one
[Zn(eda)0.5(H2O)2]
2+, one [Zn0.5(eda)]
+ and eight lattice water
molecules. The anionic LAg lies on the crystallographic inversion
center as well as Zn1 and one eda ligand. Both Zn(II)–O and
Zn(II)–N bond distances are similar to the related complexes.13
Interestingly, the Zn1 and Zn2 show octahedral (four Neda and
two Omna) and tetrahedral (one Neda, one Omna and two Owater)
coordination geometries, respectively. Moreover, the eda ligand
simultaneously exhibits bidentate chelating (m1-N,N0) and
bidentate bridging (m2-N,N0) coordination modes which
indicates a dynamic equilibrium exists between two kinds of
Zn-eda entities in the solution. Similarly, in 2, the LAg
metalloligand also adopts a m4-Z
1 :Z1 :Z1 :Z1 mode to link
[Zn(eda)2]
2+ and [Zn(eda)0.5(H2O)2]
2+ units into a 2D sheet
which contains one type of four-connected node (LAg) and two
types of linkers ([Zn(eda)2]
2+ and [Zn(eda)0.5(H2O)2]
2+). So this
2D net can be simplified to be a 44-sql net.
No discrete water cluster was found in the void of 2, but a
finite tetramer water chain (Fig. S8w) consisting of O1W, O2W,
O4W and O5W was confined in the void through hydrogen
bonds (Table S3w). Within the water chain, all water molecules
except O1W act as a single hydrogen bond donor as well as an
acceptor. The O  O distances in the chain are in the range of
2.702(4)–2.788(4) Å with an average value of 2.755(4) Å, which
is longer than that of the octamer water cluster in 1, proving
that the linear water chain is less stable than a cyclic one owing
to the formation of less hydrogen bonds within the chain.14
The absorption spectra of 1 and 2 were measured in solid
state at room temperature. As shown in Fig. S9w, the low-
energy broad peak of 1 at ca. 630 nm is mainly assigned to a
metal-centred (MC) transition which can deactivate via ultra-
fast non-radiative pathways and is typical for other Cu(II)
complexes.15 While intense absorption bands for both 1 and 2
in the range 200–500 nm should be the transition of a ligand
involving p orbitals of the aromatic ring of the mna moiety.
The photoluminescence of complexes 1, 2 and Na6[Ag6(mna)6]
as well as the free H2mna ligand were also measured in solid
state at room temperature (Fig. 2). Under 365 nm excitation,
the Na6[Ag6(mna)6] emission is at 551 nm accompanied by a
shoulder peak at 469 nm. Considering the emission of free
H2mna (lem = 470 nm, lex = 300 nm), the peaks at 469 and
551 nm can be attributed to p–p* ligand centred transitions of
mna ligand and ligand-to-metal charge transfer (LMCT),
mixed with metal-centered (d–s/d–p) transitions,
respectively.16a Compared to Na6[Ag6(mna)6], the emission
of complex 1 is very weak and can be almost negligible
which suggests that introduction of Cu(II) possessing low-
lying MC levels would quench the LMCT excited state of
LAg by energy transfer or thermal equilibration.
16b Complex 2
shows blue-shifted photoluminescence at 515 nm (lex= 365 nm)
Fig. 1 (a) The view of the 1D heterometallic Ag(I)–Cu(II) chain in 1. (b) The view of 2D heterometallic Ag(I)–Zn(II) sheet of 2. (The purple
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which indicates that the energy level of LMCT excited state of
LAg is essentially changed by incorporation of Zn(II) centers.
In summary, our results demonstrate a stepwise strategy for
the construction of two heterometallic extended frameworks
employing hexanuclear silver(I) cluster as metalloligand. It also
shows that introduction of second metal centers significantly
influence the photoluminescence behavior of these complexes.
This work was financially supported by the National Natural
Science Foundation of China (No. 21071118), 973 Project (Grant
2007CB815301) from MSTC and The National Science Fund of
China for Fostering Talents in Basic Science (No. J0630429).
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1 (a) D. Pogozhev, S. A. Baudron andM.W. Hosseini, Inorg. Chem.,
2010, 49, 331; (b) D. Salazar-Mendoza, S. A. Baudron and
M. W. Hosseini, Inorg. Chem., 2008, 47, 766; (c) A. D. Burrows,
M. F. Mahon and C. T. F. Wong, CrystEngComm, 2008, 10, 487;
(d) A. D. Burrows, K. Cassar, M. F. Mahon and J. E. Warren,
Dalton Trans., 2007, 2499; (e) V. D. Vreshch, A. B. Lysenko,
A. N. Chernega, J. A. K. Howard, H. Krautscheid, J. Sieler and
K. V. Domasevitch, Dalton Trans., 2004, 2899; (f) V. D. Vreshch,
A. N. Chernega, J. A. K. Howard, J. Sieler and K. V. Domasevitch,
Dalton Trans., 2003, 1707; (g) V. D. Vreshch, A. B. Lysenko,
A. N. Chernega, J. Sieler and K. V. Domasevitch, Polyhedron,
2005, 24, 917; (h) M. Taguchi, A. Igashira-Kamiyama, T. Kajiwara
and T. Konno, Angew. Chem. Int. Ed., 2007, 46, 2422.
2 (a) B. F. Abrahams, B. F. Hoskins, D. M. Michail and R. Robson,
Nature, 1994, 369, 727; (b) S.-H. Cho, B.-Q. Ma, S. T. Nguyen,
J. T. Hupp and T. E. Albrecht-Schmitt, Chem. Commun., 2006,
2563; (c) H. Fenton, I. S. Tidmarsh and M. D. Ward, Dalton
Trans., 2010, 39, 3805.
3 (a) X. J. Kong, L. L. Sheng, Z. P. Zheng, R. B. Huang and
L. S. Zheng, Acc. Chem. Res., 2010, 43, 201; (b) X. J. Kong,
Y. P. Ren, L. S. Long, Z. Zheng, R. B. Huang and L. S. Zheng,
J. Am. Chem. Soc., 2007, 129, 7016; (c) X. J. Kong, Y. P. Ren,
W. X. Chen, L. S. Long, Z. P. Zheng, R. B. Huang and L. S. Zheng,
Angew. Chem. Int. Ed., 2008, 47, 2398; (d) X. J. Kong, L. S. Long,
R. B. Huang, L. S. Zheng, T. D. Harris and Z. Zheng, Chem.
Commun., 2009, 4354.
4 (a) S. R. Halper and S. M. Cohen, Inorg. Chem., 2005, 44, 486;
(b) S. R. Halper, L. Do, J. R. Stork and S. M. Cohen, J. Am. Chem.
Soc., 2006, 128, 15255; (c) J. R. Stork, V. S. Thoi and S. M. Cohen,
Inorg. Chem., 2007, 46, 11213; (d) D. Salazar-Mendoza,
S. A. Baudron and M. W. Hosseini, Chem. Commun., 2007, 2252;
(e) S. A. Baudron, CrystEngComm, 2010, 12, 2288;
(f) D. L. Murphy, M. R. Malachowski, C. F. Campanac and
S. M. Cohen, Chem. Commun., 2005, 5506; (g) R. Gheorghe,
M. Andruh, J.-P. Costes and B. Donnadieub, Chem. Commun.,
2003, 2778; (h) A. D. Burrows, C. G. Frost, M. F. Mahon,
P. R. Raithby, C. L. Renouf, C. Richardson and A. J. Stevenson,
Chem. Commun., 2010, 46, 5067; (i) B. D. Chandler, A. P. Coté,
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Fig. 2 The photoluminescence of the free H2mna ligand, LAg
metalloligand and complexes 1 and 2 in solid state.
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